China has accomplished itself as a great power in world manufacturing industry. However, China still has a long way to go compared with other advanced countries; and China does not have advantages in labor costs compared with some developing countries such as India and Vietnam. Therefore, the export trade of China, especially the export of manufacturing industry, is in face of an unprecedented crisis. And whether can we ensure the sustainability of export trade in manufacturing industry becomes particularly important. This paper, based on Survival Analysis, makes a study of the duration of export trade relationships of the top ten countries represented by China, America, and Germany in manufacturing sub-sectors from 1995 to 2015. We found that China can maintain a long time trade relationship in export trade of manufacturing. And we can know from the cross-countries comparison of median survival time and survival rate of manufacturing sub-sectors that China's export trade in manufacturing performs differently in different sub-sectors. And we should ensure the sustainability of export trade in manufacturing while simultaneously extend different treatment to different manufacturing sub-sectors. become a major manufacturing country in the world. In 2010, according to the price and exchange rate of that year, China's manufacturing output accounted for 19.8% of the whole world, which ranked first surpassing America. In 2013, according to the constant price and exchange rate of 2005, the manufacturing output of China was 1.76 trillion dollars, which was slightly lower than America's 1.82 trillion dollars. China has more than 220 kinds of productions placed first all over the world among over 500 major industrial products [1]. In 2014, China became the largest country of automotive industry, producing about 24 million cars, which occupied 26% of the global market shares. And China is also the largest country in toy manufacturing, which accounts 70% of the global market shares. However, according to Deloitte's 2016 Global Manufacturing Competitiveness Index, a third of our country's export manufactured goods were low-skilled, low-tech, labor-intensive, and resource-intensive products. On one hand, compared with the advanced countries, China's manufacturing industry still has a long way to go. On the other hand, China's demographic dividend is now tailing off. Meanwhile, the developing countries represented by India and Vietnam have an edge over China in labor costs. From these two aspects, the export trade of China, especially the export of manufacturing industry, is facing an unprecedented crisis [2]. And whether can we ensure the sustainability of export trade in manufacturing industry becomes particularly important. To study the sustainability of exports, we should define the concept of trade relationships and duration of trade relationships clearly first. Trade relationships are the status of involved enterprise or products from entering to quitting the market. The lasting time of the relation without interruption is defined as the duration of trade relationships, which was first proposed by Besedes and Prusa [3]. Ensuring the sustainability of export not only relies on build new trade relationships, but also on stabilizing the existing trade relationships. It will promote the sustainable development of exports if we conclude our country's advantages (that the duration of trade relationships is longer) compared with the advanced countries in manufacturing and formulate corresponding favorable policy.
Introduction
Since the policy of reform and opening up, China's manufacturing industry has scaled new highs and therefore acquired the status as the great power in manufacturing and the world's factory. According to the statistics, China has indeed How to cite this paper: Pu, H.L. and Li, T. [3] [4] . They firstly analyzed America's duration of import trade relationships based on Survival Analysis by using the 7-digit Tariff Schedule from 1972-1988 and HS10-digit product level data from 1989 to 2001 which was highly disaggregated. The results show that America's duration of trade relationships is remarkably short and have negative duration dependence, which means if a kind of products or an enterprise in a country could maintain import or export for years, the risk of failure would reduce. Therefore, it would tend to keep import or export for a long time in the future. Besides, they held the view that the differentiation of goods (such as homogeneous goods, reference priced products, and differentiated products) would influence the duration of trade relationships. After that, Nitsch [5] and Hess & Person [6] both concluded the short duration of trade relationships through the study on the duration of trade relationships of Germany and the European Union respectively. Besede, T. and Juan B. [7] calculated Latin America's duration of exports and main driving factors of disparity between regions in the survival period. On the domestic front, Shao Jun [8] firstly analyzed the stability problem of China's exports from the perspective of duration, which used COMTRADE data HS1995-2007 and showed the duration of export trade relationships of China was short and decreased rapidly. Chen Yongbing et al. [9] calculated Chinese enterprise's exports duration and its determinant factors. And they did a further study from the two angles of agriculture products and enterprise heterogeneity [10] [11] . Lin Changqing [12] studied regularities of distribution and influencing factors of the trade duration of Chinese exports to America. Zhang Yabin et al. [2] made cross-countries comparison on the duration of export trade relationships in manufacturing. Chen Xiaohua and Shen Chengyan [13] firstly connected duration of exports with the quality of products, and drew a conclusion that the export of China is "Low-end Locked" and "Inertia of quality innovation".
Throughout the above researches, the duration of trade relationships has been studied from the perspective of import and export, large-scale agriculture, large-scale manufacture, and cross-countries comparison respectively. But there are few literatures to analyze the manufacturing sub-sectors as the main target, and there are few literatures to make cross-countries comparison between China and other manufacturing powers from the perspective of manufacturing sub-sectors. Therefore, this paper takes products in manufacturing sub-sectors for research objects and makes a comparative study of the Top 10 countries in 2016 Global Manufacturing Competitiveness Index which was issued by Deloitte and the US Council on Competitiveness. This will help the manufacturing industry in China, which is regarded as the great power in manufacturing, have a better understanding and fixed position of maintaining the export sustainability, and its importance is self-evident.
Modelling Duration

Duration Models
Survival analysis is a branch of statistics for measuring the time to a certain H. L. Pu, T. Li event, which is widely used in medicine, sociology, biology, and insurance studies. Survival time is to measure the time that one event occurs, such as death, relapses, the development of a given disease, parole, or divorce. These "time" is effected by random variations, which can form a distribution like any random variations. The distribution of survival times is usually described by the following three functions: 1) the survivorship function; 2) the probability density function; 3) the hazard function. The basic questions in survival analysis are to estimate one or more functions from the above three and infer the overall survival mode. In this paper, the duration of trade relationships is a kind of survival time's statement in trade studies.
Besedeš and Prusa [3] is the earliest ones who creatively used survival function and hazard rate to describe the distributive characteristics of America's duration of import trade relationships. This paper will build the export survival function and hazard function to estimate distributive characteristics of duration of trade relationships on China and other nine countries in manufacturing industry. Let T be a survival time of a certain trade relationship. We assume T is a discrete random variable taking on values , 1, 2, 3, , i t i n =  , then the survival function about survival time T is expressed by
is defined as the probability that this trade relationship is longer that t:
That's to say, at the beginning of trade, the probability of exports is 1; and if time is approaching infinity, the probability of exports is 0.
The hazard function h(t) is
The relationship between survival function and hazard function is
Due to the unknown of the distribution characteristics of trade relationships, Kaplan and Meier put forward product-limit (PL) method to do non-parametric estimation to survival function, the estimate is as follows:
Hereinto, i n denote the number of subjects at risk of failing at i d . And denote the rank-ordered survival times as ( ) ( )
The hazard function is estimated by taking the ratio of subjects who fail to the number of subjects at risk in a given period i,
Data and Data Processing
This paper defines the duration of trade relationships as the length of time an enterprise or products export or import to a country (without interruption).
From the annual data of the trade relationships, we can conclude the duration of trade of that kind of products, which is the length of time product p entering to country j until quitting the market (without interruption). We refer to an event as a "failure" if a country ceases to export a product.
When applying the survival analysis to estimate the duration, we should pay attention to two data characteristics: 1) Multiple Spells, which means during the observation period, a country will service the market, exit, then re-enter the market, and then almost always exit again. Besedeš and Prusa (2006b)'s research shows that multiple spells are interdependent with each other, which means that the multiple spells do not influence the distribution of the duration's length substantially. Therefore, this paper follows this conclusion, and regards the first spell as the only spell. 2) Censoring. We used the data from 1995 to 2015 to study the duration of trade relationships, so we cannot foresee the export situations after 2015. Therefore, the right censoring exists. Survival analysis can deal with this problem properly. Similarly, we cannot get the export condition before 1995. If the product has exports before 1995, we cannot get the duration that it had already exported. Therefore, the left censoring appears. Referring to Chen
Yongbing's method [9] , this paper will get rid of left censoring data, which means keep the data that export between 1996 and 2015 but did not export before 1995. Consequently, the longest length of the duration is 20 years.
The data of this paper is from the BACI data base provided by CEPII in terms of HS6-digit product level data from 1995 to 2015, which is adjusted on the base of the initial data of United Nations Statistical Division (COMTRADE database).
The latest data that we can obtain from COMTRADE database is up to 2015, so we use the period 1995 to 2015 as the sample. The advantage of CEPII BACI data base lies on the data is processed, which prevents from the problem that the data of the product cannot matche due to the change of coding. Our research object is manufacturing sub-sectors, but the CEPII BACI data base does not have the classification of manufacturing sub-sectors. Since now we do not have a direct way to distinguish it, this paper refers to Bin sheng's method. Through the con- As illustrated in Table 1 , this paper gives the descriptive statistics of the export duration of the top 10 countries in HS 1992 6-digit of manufacturing products. The total observation sample is the record of export of each country before censoring. This index shows the manufacturing industry's export performance of each country from 1995 to 2015. According to Table 1 , all the ten countries have more than a million record in manufacturing exports, among which China, America and Germany are the most in observation samples. In the past 21 years, these three countries have had more than 6 million export records in manufacturing industry, which shows that the export of manufacturing products in the three countries is very active. And the sample of trade relationship is the sum of each country's trade relationships in manufacturing sub-sectors from 1995 to 2015. Except for Mexico, there are more than 5000 trade relations in the rest of the nine countries, and the quantity is roughly similar.
Empirical Results
The Cross-Countries Comparison of the Median Survival Time
The most frequently used summary statistics in survival analysis is the median survival time, which is the 50% quantile (median) of the survival time. The mean value is usually used to describe the central trend of a distribution. But as for survival distribution, the median is more appropriate than the mean value because a very long or particularly short duration of export trade will have a significant impact on the mean value (average survival time). The estimated value of the median survival time is the quantile of (S(t)) = 50%, which is the time t that can satisfy (S(t)) = 0.5. It must be noted that, we cannot estimate the median survival time if the number of failure events is less than half and the largest data is right censored.
According to the estimation of median survival time, we conclude the ten countries' median survival time in manufacturing sub-sectors. The result is shown as shown in Table 2 .
H. L. Pu, T. Li Data in the first line of Table 2 is the median of the duration of the export of manufacturing industry in each country. Except for the data in the first line, the rest is the median survival time in manufacturing sub-sectors of each country. China's export trade has different performances in different sub-sectors. However, the previous study only focused on the whole manufacturing trade duration, which cannot find which sub-sector has more export advantages. Therefore, the above analysis confirms the importance of the research on the duration of the products in the manufacturing sub-sectors from the specific data.
The Cross-Countries Comparison of the Survival Rate on Export Trade
To depict more details of the duration of export trade relationships, besides the median survival time, we use PL method to further estimate the survival rate of export trade relationships of the manufacturing sub-sectors. The length of all trade relationships varies from 1 to 20 years. In order to display the empirical results more efficiently, we selected 1, 2, 3, 4, 10 and 20 years as observation nodes, and the results are shown in Table 3 .
H. L. Pu, T. Li As a whole, the survival rate of the sub-sectors' products of the ten countries is decreasing year by year, which is the same as the previous research conclusions.
Although the survival rate of all sample countries is the same in all manufacturing sectors, but from the reduction if the survival rate we can see that different manufacturing sectors decreases differently. And the larger the decline is, the more unstable the export is. Compared with other Top 10 countries, most China's manufacturing sub-sectors have smaller declines, which indicates that most of the manufacturing sub-sectors' export trade is relatively stable. But there are still some sectors has large instability, such as wood processing and grass and bamboo products industry, oil processing and coking industry, chemical fiber manufacturing industry, non-metallic mineral products, metal products industry, electronic and communication equipment manufacturing industry.
Conclusions and Enlightenment
The duration of export trade in manufacturing sub-sectors is crucial for the sustainable development of export trade. Therefore, this paper using the survival analysis method studies the duration of the export trade of the top ten countries represented as China, America, and Germany from 1995 to 2015 in manufacturing sub-sectors. We found that China can maintain a long time trade relationship in the export trade of the manufacturing industry, and from the cross-countries comparison of median survival time and survival rate in manufacturing sub-sectors, we conclude that China's export trade has different per-formances in different sub-sectors. Specifically, 1) the median survival time of China is generally longer than other countries. Except for the tobacco processing industry, textile industry, chemical fiber manufacturing industry, metal products industry and special equipment manufacturing industry, the median survival time of China is longer than the average survival time of the other ten countries, which indicates that most manufacturing industry sub-sectors in China can maintain long trade relationships in export trade. 2) The survival rate of the sub-sectors' products of the ten countries is decreasing year by year. Compared with other Top 10 countries, most China's manufacturing sub-sectors have smaller declines, which indicates that most of the manufacturing sub-sectors' export trade is relatively stable. But there are still some sectors that have large instability.
This paper provides a more specific and more targeted perspective for achieving 
